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Abstract
This study examined the effects and specificity of structured and unstructured activities
played at the playground Primo Sport 0246 in Northern Italy on motor skill competence in
five years old children. The playground was specifically designed to promote gross motor
skills in preschool children; in this study 71 children from local kindergartens came to the
park once a week for ten consecutive weeks and were exposed to 30 minutes of free play
and 30 minutes of structured activities. Before and after the ten visits, each child completed
nine tests to assess levels of motor skills, three for fine-motor skills and six for gross-motor
skills. As control, motor skills were also assessed on 39 children from different kindergar-
tens who did not come to the park. The results show that the experimental group who prac-
ticed gross-motor activities in the playground for 1 hour a week for 10 weeks improved
significantly in 4 out of the 6 gross motor tasks and in none of the fine motor tasks. The data
indicate that limited transfer occurred between tasks referring to different domains of motor
competences while suggesting cross feeding for improvement of gross-motor skills
between different exercises when domains related to physical fitness and strength of spe-
cific muscle groups are involved. These results are relevant to the issue of condition(s)
appropriate for maintaining and developing motor skills in this age group as well as for the
planning, organization and implementation of play and physical activities in kindergartens.
Introduction
Prevention of sedentary behavior and promotion of a physically active lifestyle are now consol-
idated issues of health campaigns in most of the western countries. In the Vienna declaration,
the World Health Organization (WHO) has stressed the significance of physical activity (PA)
for reducing preventable and avoidable mortality and disability due to noncommunicable dis-
eases, such as cardiovascular diseases, cancer, diabetes, chronic respiratory diseases [1]. In
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addition, sedentary behavior has been recently associated to obesity and other noncommunic-
able diseases [2–4]. Accordingly, guidelines recommend that toddlers and preschoolers accu-
mulate at least 180 min of daily physical activity at any intensity, progressing by the age of 5
toward at least 60 min of energetic play (e.g., moderate—to vigorous-intensity physical activity)
[5]. In addition, the goal of minimizing the amount of time spent being sedentary for extended
periods (except time of sleeping) should also be pursued [6]. Given that behavioral habits
acquired in childhood typically track into adolescence and adulthood [7, 8], these recommen-
dations are especially important for health outcomes across the lifespan [9, 10].
Driven by the health and psychological concerns related to lack of physical activity, several
studies have investigated the behavior of preschool children in various environmental contexts
[11–13]. Type, location and organization of spaces (indoor and outdoor) impact upon the
physical activity levels of preschool children [10, 14–16]. In general, the presence of opportuni-
ties for practicing movement-based play is an important predictor of the levels of physical
activity performed by the child [17]. In terms of levels of physical activity, free play appears to
be less efficient than structured activities in producing high physical engagement during play
[18, 19].
The level of motor skill competence may influence the amount, intensity and level of physi-
cal activity [20, 21]. For example, children with low motor competence are found to engage less
in physical activities compared to their well-coordinated peers [22, 23], and to display signifi-
cantly lower levels of physical fitness [24–27]. Therefore, motor competence and physical activ-
ity can be considered as interconnected concepts in child development. Finally, the ability to
perform and master different types of motor skills has also been associated with school-perfor-
mance [28], levels of social interaction with peers [29], and self-perception [30, 31].
In western countries, children spend several hours of the day in- kindergarten [6] and the
school and their educators have a great responsibility in determining the levels of physical
activity of their pupils [32]. Indeed, application of specific physical education programs can
improve physical fitness and health related variables in both obese and lean preschool children
[33]. Despite these evidences, a common finding is that physical activity levels are lower than
recommended in preschool [10, 34, 35]. Direct observations of children in childcare showed
that most of the activities were sedentary and that 3% of physical activities were of moderate
or vigorous intensity [36]. In Italian kindergartens time and space dedicated to movement are
very marginal and mostly related to manual fine motor skill [37]; also national guidelines for
kindergarten programs do not consider physical activities and acquisition of motor skills as
educational goals for educators in kindergartens [38]. In this context, a better knowledge of
how specific programs and interventions can efficiently promote physical activity and develop-
ment of motor skills in early childhood is required.
Accordingly, the main purpose of this study was to explore the effects and specificity of a
program of physical activity performed at a specific playground in Treviso, northern Italy, on
the development of motor skills in five years old children attending local kindergartens. Start-
ing from the specific needs of the Italian preschoolers linked to the lack of attention to motor
development, the playground was designed to promote development of gross motor skills
related to manuality, mobility and balance. A set of objective measurement procedures assess-
ing gross motor skills was applied before and at the end of a training period consisting in 10
visits occurring once per week to the specific playground over a period of 10 weeks. During
each visit, children were exposed to 30 minutes of free play combined with 30 minutes of struc-
tured activities.
An interesting aspect of motor skills is their specificity. Accordingly, a further purpose of
our study has been to investigate whether training of gross motor skills (in the domains of
mobility, manuality and balance) resulted in transfer of skill acquisition between different
Motor Skill Development in Pre-School Children
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domains and/or between gross and fine motor skills. To this aim, a set of measurements assess-
ing fine motor skills was also included in our investigation.
Materials and Methods
At the time of the study the University of Verona did not have an Institutional Review Board
for studies that were not involving patients of the University Hospital. Accordingly, the project
was examined by the Scientific Committee of Laboratorio 0246, the non-profit Association
that owned the site where the research was done and has organized the activities with the
schools. The Scientific Committee has approved the study and verified the adherence to the
principles of the Declaration of Helsinki. Written informed consents were obtained from the
parents (or guardians) before the children attended the study and from teachers; due authori-
zations were obtained from the directors of the schools involved. All adults received extensive
written descriptions of the goals, limits and risks of the study, of the methods used and of the
activities performed before being asked to sign authorizations. Field permission of the study
was granted by: Laboratorio 0246—Associazione di Promozione Sociale Strada del Nascimben
1/B 31100 Treviso Phone:+39 0422 324310 Fax: +39 0422 324311 Email: info@0246.it; http://
www.0246.it/. Laboratorio 0246 has made the playground available for research studies on
child motor development. Its Scientific Committee, who has approved the study, has moni-
tored the adherence to the principles of the Declaration of Helsinki throughout the study.
Participants
The study was conducted at "La Ghirada", Treviso, Italy, a 220,000 sqm sports center based in
Treviso since 1985 and owned by the Benetton Group (www.ghirada.it). La Ghirada is a multi-
functional structure open for free to everybody and including the playground Primo Sport
0246, a space designed to provide controlled opportunities for practicing basic motor skills to
children up to the age of six [39]. The non-profit association Laboratorio 0246 was founded in
Treviso in 2011 and is based at "La Ghirada"; its aim is to support and organize research activi-
ties in the field of child development and education (www.0246.it). In collaboration with La
Ghirada and the local section of the Comitato Olimpico Nazionale Italiano, Laboratorio 0246
has provided instructors to attend the children during the visits to the playground and to help
collecting the data.
Four out of 23 kindergartens in Treviso, Veneto, northern Italy, were selected for participa-
tion in the study based on similarities of the socio-economical status and ethnic origin of the
pupil families. Of these, two participated as experimental groups (structured and free play
activities at the playground) and two as comparison groups (no activities at the playground).
Of all the children enrolled in the study (104 for the experimental schools and 70 for the con-
trols), only those that were present in all the testing sessions are considered in this study
(experimental group: n = 71; 41 boys and 30 girls; mean age 5.6 ± 0.31 ys; control group:
n = 39; 22 boys and 17 girls; mean age 5.7 ± 0.30 ys). Drop-out subjects were absent in one of
the testing session for family or momentary health reasons.
The Primo Sport 0246 playground
The playground Primo Sport 0246 (Fig 1) is located inside "La Ghirada" and has an extension
of m2 2500 with a total of 35 recreational equipments placed at safety distance from each other;
each equipment is endowed of a basement of consistency/softness adequate to limit traumatic
damages to the user. The playground is divided in dedicated areas; in the manuality/dexterity,
mobility and balance areas (limited by dashed lines in Fig 1) equipments were selected based
on the motor skill most trained by their use and provided different levels of difficulties so that
Motor Skill Development in Pre-School Children
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each child could exercise the skill regardless of his/her own level of competence (for detailed
description of the organization of the park see [39]).
Organization of activities at the playground
The playground activities consisted of 10 sessions each lasting 1 hour, executed once per week
in the period Mars to May 2012. All sessions took place at either 9.00 AM or 11.00 AM, with
temperatures ranging between 10 and 26 degrees Celsius; no raining days occurred during the
study. Each session began with a 10–15 min walk from the bus stop to the playground. The two
experimental groups went to the playground on the same day every week and the classes never
met each other at the playground. During the 10 weeks, each class began session alternatively
at 9.00 and at 11.00 AM (5 times each). The children of each group (maximum 40 children)
were divided in two subgroups, one starting the session with the free-play time and the other
with structured activities. The order of type of activity was alternated in the 10 days and each
child begun his/her day at the park 5 times with free-play and 5 times with structured activities.
During the structured activities, the children were further divided in three small groups of
6–7 children; each group spent 10 minutes in each of the three dedicated areas (manuality/
manual dexterity, mobility and balance, whitened areas in Fig 2) for a total of 30 minutes.
Switching from one area to the other (occurring every 10 minutes) was commanded by a field
Fig 1. Aerial view of the playground Primo Sport 0246. The dotted lines enclose the three basic motor skill-specific areas.
doi:10.1371/journal.pone.0160244.g001
Motor Skill Development in Pre-School Children
PLOS ONE | DOI:10.1371/journal.pone.0160244 July 27, 2016 4 / 15
coordinator. The sequence of the activities was: 1) for manuality, use of the following tools in
the sequence: rope ladder, climbing rope, hanging bar, gymnastic rings, climbing net, monkey
bars; three times repetition of the circuit; 2) for balance, as above but with the following tools:
balance beam, balance logs, balance elastic beam, balance platforms; 3) for mobility, each child
goes up and down from various climbing points and slopes present in the mobility area and
arranged as circuit; three times repetition.
Two instructors were constantly present in the manuality area, one in the mobility area and
one in the balance area. The roles of the trained instructors were to provide scaffolding when
asked by the child and general encouragement, to indicate the order of use of the different
types of equipment and to give general instructions about their use. The instructions were
given orally or by showing; for example, children were directed to walk on a balance beam and
not use the equipment by crawling; on the monkey bar, the instructor showed how to move
Fig 2. Schematic drawing of the Primo Sport 0246 playground: areas for free- and structured-activities. The darkened portions inside each of
the specific areas show where structured activities were run. Free-play area was everywhere else in the park at free choice of the child. Total time for
structured activities was 30 min (10 min in each of the darkened areas); time free-play was also 30 min.
doi:10.1371/journal.pone.0160244.g002
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from one pole to the other. For difficult equipment, such as the elastic beam, the instructors
provided encouragement, scaffolding and suggested strategies for completing the task. When a
child was self-sufficient on a specific type of equipment, the instructor suggested to add new
challenges, e.g. walking backward on the balance beam, running faster along slopes, increase
the number of brachiations.
Another instructor controlled the time spent in each area and coordinated the switch of the
groups from one area to the other.
Free-play was allowed everywhere within the playground, except for the portions of the
areas where the other group was performing the structured activities (non-whitened areas in
Fig 2). Time for free play was 30 min, during which schoolteachers (at least one every 10 chil-
dren) were present for assistance and in case of emergency, but were not involved in the chil-
dren activities.
Assessment of motor skills
Measurements were taken at the beginning of the study and at the end after the children of the
experimental group had experienced the ten visits at the playground Primo Sport 0246.
Two tasks were selected from the Test of Motor Competence: Building Bricks and Heel-to-
Toe Walking [40]; four tasks were selected from the Movement Assessment Battery for Chil-
dren (One leg balance right, One leg balance left, Posting Coins right and Posting Coins left)
[41] and one task (Putting a Medicine Ball) was selected from the Test of Physical Fitness [42].
Two tasks, balance on beam and balance on platform, were developed as a part of the project in
order to assess aspects of dynamic balance. Similar test items also appear in the Körperkoordi-
nationstest für Kinder: KTK [43].
Assessments of motor skills were performed individually in a quiet room in the kindergar-
ten or at the playground, and were conducted in accordance with the assessment manuals.
Each test item was explained and demonstrated and each child could familiarize with the tests
with a trial, before measurements were taken. Participants were given verbal encouragement
and support throughout the testing procedure.
The Building Bricks and the Posting Coins (right or left hand) tests were used for fine
motor skills, whereas to assess gross motor skills we used: One leg balance–right or left, Balance
on beam, Balance on platforms, Heel-to-Toe Walking and Putting a Medicine Ball.
Building Bricks task. Twelve square-shaped Duplo™ bricks were used to build a tower as
fast as possible. The participant holds one brick in one hand and one brick in the other. At a
signal the participant assembles the bricks together one after one until all 12 have been put
together. Neither of the arms was allowed to rest on the table and the assembled bricks were
held in the air all the time. Performance was measured by the time to complete the task.
Posting Coins task. At the start signal the child was asked to pick up from the table 12
coins, one at a time, and to drop them through the slot in a box as quickly as possible using one
hand (either the right or the left). Output is the time in seconds required to put all the coins in
the box. Distinct measurements were taken for right or left hand.
One leg balance task. The child stands on either the right or left foot with the arms held
freely at the sides. The test is performed with eyes open. The time starts when one foot leaves
the floor and stops if one of the following faults occurs: moving the standing foot, the heel or
the toe from its original place, touching the floor with the free foot, winding/hooking the free
leg round the standing leg. Independent measurements were taken for balance on left or right
leg
Balance on Beam task. The child begins with the feet parallel 10 cm from the beam
(height at beginning: 26 cm, height at end: 13 cm, width: 13 cm, length: 300 cm; Legnolandia,
Motor Skill Development in Pre-School Children
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Italy, cod 011065). At a start signal the participant goes up and walks as fast as possible on the
beam. The time is stopped when the participants arrives at the end of the beam. Time of execu-
tion and number of errors (every time the child goes down of the beam) are recorded.
Balance on Platforms task. Each platform consists of a wooden disc (diameter: cm 54)
supported at cm 43 of height by a metal spring that makes it very unstable (Legnolandia, Italy,
Jumpy, cod. 011107). The circuit consists of 6 platforms separated by gaps of cm 60. The child
begins with the feet parallel near the first platform; at the start signal the child walks on the first
platform and then jumps from platform to platform to the end of the circuit. The time is
stopped when the participants jumps down from the last platform. Time in seconds needed to
complete the circuit was measured.
Heel-to-Toe Walking task. This task is often called the tandem walking test and is consid-
ered a measure of dynamic balance capabilities. The children were required to walk down a
straight line (4.5 m) as fast as they could, placing their heel against the toes of the foot in each
step (tandem). Performance was time to complete the line.
Putting a Medicine Ball. The child holds the medicine ball (diameter 20 cm, weight 1 kg;
Giodicart, Italy, Cod. 5401, type Trial) against the chest while standing with feet parallel and a
shoulder width apart. The ball is thrown with both hands simultaneously and the distance
from the starting position to where the ball lands is measured. The better of two attempts is the
test item score.
Data Analysis
Data were analyzed by two-way ANOVA for factors TIME (pre vs post) and TREATMENT
(experimental vs control) followed by post-hoc Bonferroni test. The data were analyzed using
GraphPad Prism 6 software (GraphPad Software Inc., La Jolla, CA, USA); graphs were pro-
duced with Microsoft Office Excel 2007.
Results
The subjects of the experimental (Exp) group and the controls (Con) were similar for height,
weight and BMI (Exp: height 1.14 ± 0.05 m, weight 20.53 ± 3.04 Kg, BMI 15.82 ± 1.50; Con
group: height 1.17 ± 0.04 m, weight 21.71 ± 4.11 Kg, BMI 15.83 ± 1.59; mean ± SD of respec-
tively n = 71 and 39 subjects).
Data on gross-motor skills are shown in Table 1; data on fine motor skills are in Table 2.
In all tasks, the values obtained at Pre-training were not statistically different between the
Exp and the Con groups. At the end of the training period (Post-training) children of the Exp
group performed significantly better in four out of six of the gross-motor-skill tasks: Putting a
Medicine Ball, One Leg Balance on left foot, Balance on Beam and Balance on Platform
(Table 1). The ability to maintain balance on the right leg was not modified by the training. For
the Heel-to-Toe Walking test, there were no effects due to training; surprisingly, children of
the Con group performed worse Post-training.
Individual subject performances usually varied between the two testing sessions for each
task and the resulting mean values were due to improvement for some children and worsening
for others (see examples in Fig 3A and 3B and Fig 4A). In 5 out of 6 tasks of gross motor skills
assessment, more than half of the children of the experimental group performed better at the
Post-training session (score> 10%) while this occurred for only 2 of the same tests for children
of the Con group (data not shown). The extent of improvement (% variation respect to the
Pre-training score) of each subject in the different tasks are shown in Fig 3A', 3B' and 3C–3F
and Fig 4A', 4B and 4C. For the Exp group, the largest improvement occurred with the Balance
on Platforms test (Fig 3A') and was minimal or absent for the Heel-to-Toe task (Fig 3B'). In the
Motor Skill Development in Pre-School Children
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Balance on Platforms task, the improvement for the Exp group owned very high incidence
(98.59% of children) and extent (average improvement of individual score was 59.1 for Exp vs.
5.9 for Con group). For the gross motor skill task that does not involve balance, i.e. Putting a
Medicine Ball, both the fraction of children that performed better in the Post-training session
(score improvement> 10%) and their individual improvement (% variation respect to the pre-
training score) were larger for Exp vs. Con group (Table 1 and Fig 3C).
Mean data as well as individual variations measured for fine-motor skill tasks indicate that
the 10 sessions of training did not significantly change the children capacity to perform the
tests (Table 2 and Fig 4).
Discussion
The present study explored the effects on motor skill competences induced in five year old chil-
dren by playing structured and unstructured activities for one hour once a week for 10 times in
Table 1. Evaluation of gross motor skills in 5 y old children.
Test Pre-training Post-
training
Difference between post- and pre-
training
p of Pre vs
Post
p ofExp vs Con at post-
training
Putting a Medicine Ball
(cm)
Exp 192±44 229±50 37±66 <0.0001 <0.001
Con 191±45 192±48 1±37 NS
One leg balance-Right
(sec)
Exp 13.64±9.88 18.37±14.83 4.73±15.50 <0.05 NS
Con 13.34±9.32 16.19±13.94 2.85±14.44 NS
One leg balance-Left
(sec)
Exp 12.46±6.42 20.48±5.81 8.16±7.21 <0.0001 <0.04
Con 14.47±2.80 17.15±3.39 3.16±5.59 NS
Balance Beam (sec) Exp 15.81±5.30 9.29±3.16 -6.53±5.58 <0.0001 <0.001
Con 15.11±6.45 12.84±5.96 -2.27±4.40 NS
Balance on Platforms
(sec)
Exp 35.12
±23.57
10.47±2.75 -24.65±22.59 <0.001 <0.0001
Con 27.22
±14.00
24.19±13.30 -3.03±12.67 <0.05
Heel-to-Toe Walking
(sec)
Exp 34.74
±13.66
33.14±11.38 -1.60±15.31 NS <0.001
Con 34.04
±15.23
43.70±11.52 9.66±14.79 0.001
Abbreviations: Exp = experimental group; Con = control group; NS = not signiﬁcant; p = Bonferroni’s test. All data are expressed as mean±standard
deviation. Raw data can be found in S1 Table
doi:10.1371/journal.pone.0160244.t001
Table 2. Evaluation of fine motor skills in 5 y old children.
Test Pre-
training
Post-
training
Difference between post- and pre-
training
p of Pre vs
Post
p of Exp vs Con at post-
training
Posting coins-right hand
(sec)
Exp 22.79±4.43 22.00±5.73 -0.79±5.39 NS NS
Con 21.41±2.79 22.18±3.39 0.77±3.80 NS
Posting coins-left hand
(sec)
Exp 24.65±4.13 23.86±4.34 -0.79±3.37 NS NS
Con 24.72±4.20 23.70±4.15 -1.02±5.90 NS
Building Bricks (sec) Exp 27.76±8.52 28.77±6.09 1.10±8.45 NS NS
Con 25.66±5.50 28.33±9.35 2.67±9.01 NS
Abbreviations: Exp = experimental group; Con = control group; NS = not signiﬁcant; p = Bonferroni’s test. All data are expressed as mean±standard
deviation. Raw data can be found in S1 Table
doi:10.1371/journal.pone.0160244.t002
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Fig 3. Individual outcomes of tasks used to test gross-motor skills. A: Balance on Platforms (time in seconds
needed to walk along the six unstable platforms); B: Heel-to-ToeWalking (time in seconds needed to walk "Heel-to-
Motor Skill Development in Pre-School Children
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a specific playground. The playground is located in northern Italy and the equipments present
had been selected and aggregated on the basis of potential significance for basic motor skill
development; only children under the age of 6 are allowed to enter the park [39]. The position
and the physical characteristics of the equipments and the safety criteria concerning their use
were constant throughout the study.
Toe" on a 4.5 meter long paper tape on the floor without mistakes; C: Putting a Medicine Ball (distance in meter from a
mark line); D: Balance on right Leg (time in seconds); E: Balance on left Leg (time in seconds); F: Balance on Beam
(time in seconds required to walk along a 3.00 m beam). In A and B, individual pre- and post-training scores are
connected by a line. In all panels, % improvements is given by the difference between scores expressed as % of the
pre-training value; above the 0 value is improvement, below is worsening.
doi:10.1371/journal.pone.0160244.g003
Fig 4. Individual outcomes used to test fine-motor skills. A: Posting coins with left hand (time in seconds to
conclude the task; B: Posting coins with right hand (time in seconds to conclude the task); C: Building bricks (time in
seconds to conclude the task). In A, individual pre- and post-training scores are connected by a line. In all panels, %
improvements is given by the difference between scores expressed as % of the pre-training value; above the 0 value is
improvement, below is worsening.
doi:10.1371/journal.pone.0160244.g004
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The experimental group improved significantly in four of the six tasks aimed at testing
gross-motor skills: Balance on Beam, Balance on Platform, Putting a Medicine Ball and One
leg balance (left foot). For a fifth task testing gross-motor skills, i.e. balance on right leg, the dif-
ferences at the two time points were not significantly different; on the other hand the children
of the experimental group showed a 43.3% improvement of their performance while children
of the control group improved by 17.4% only. These results highlight the sensitivity of pre-
schoolers to the effects of exposure to organized physical activities during school time and are
in line with the study of Matvienko and Ahrabi-Fard [33] who found that a 4-week program
consisting of daily morning walk and non-structured physically active play introduced signifi-
cant improvements in motor skills and fitness levels compared to the control group.
Several evidences indicate that physical activity facilitates the development of motor compe-
tence in children [44–46]. Indeed practicing physical activities may involve locomotor skills
(such as running, hopping and sliding), object control skills (such as throwing, catching and
kicking) and stability skills (such as balancing, turning and twisting) [27, 41]. Reciprocally, pre-
school children that master different types of movements and have an extended motor reper-
toire, tend to be more physically active [47].
The issue of which type of physical activities should be included in the preschooler curricu-
lum is an interesting issue. A general assumption is that specific training affects the develop-
ment of some motor skill competences and not others [20, 48]; indeed, task-specific
intervention with clumsy children reduced problems of movements related to the tasks that
were actually trained [49]. As predicted by the Edelman's theory of "neural darwinism" that
defines learning as a mechanism selecting neuronal networks on the basis of experience (train-
ing), it is expected that practicing with a specific tool has a direct impact on that task and not
necessarily on other tasks related to the same competence [50–52]. Our data are in line with
these theoretical premises. Indeed, the largest improvements induced by the training as com-
pared to the control groups occurred with tests performed on equipments that were present in
the park: balance beam and platforms. These equipments were available to children only dur-
ing structured activities in the balance area (10 min for each visit). Thus, during the entire
study, the children accumulated up to a total of 100 min of practice in the balance area, a
time that appeared to be sufficient to improve their performance on those tasks. Interestingly,
the training at the park had no effects on another balance-related task, the Heel-to-Toe
Walking test, which was not practiced during the 10 visits at the park. Worth to note is that
this last test does not involve elements of physical fitness such as muscle strength while it
requires non-transferable and specific balance training that is not commonly performed during
daily activities [53]. Thus, two closely related tasks related to balance, Walking on a balance
beam and Heel-to-Toe walking along a line on the floor, had two different outcomes based on
training suggesting that transfer between different exercises for the same motor competence is
limited.
Another significant improvement associated to training in the park was found with the test
Putting a Medicine Ball. This may be considered a gross motor task also related to aspects of
physical fitness as it involves elements of muscle strength, endurance and coordination [42].
It is possible that the activities performed in the manuality and mobility areas of the play-
ground may have influenced the outcome of this test. Indeed in these two areas the children
of the experimental group had the opportunity to practice and train with tools such as mon-
key bars, hanging bar, climbing nets and ropes which are expected to have large impact on
determinants of physical fitness (i.e. muscle strength). A similar "transfer effect" may have
influenced the outcomes of the tests measuring the ability to stand on a single leg which is
increased in the trained (even though statistically significant for one side only) and not in the
control groups. In these tests both components of balance and leg strength are measured.
Motor Skill Development in Pre-School Children
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Altogether the data suggest that transfer is high among some of the gross-motor activity
competences when domains related to physical fitness and strength of specific muscle groups
are involved (see also [54]).
As shown in the Results section, participation to the playground activities did not result
in significant improvements of the performances in tasks measuring aspects of fine motor
skills such as Building Bricks and Posting Coins (right and left hand). Since the exercise
program in the playground focussed on gross motor skills, our result confirms that transfer
of motor competences from gross- to fine-motor domains is limited (if not absent) and
that improvement in the field of fine motor skills requires specific training [55, 56]. This
aspect should be taken into consideration by educators of the Italian kindergarten where
focus is on fine motor skills whereas attention to development of gross motor skills is lim-
ited [37].
Conclusions
In conclusion this study revealed that the group who practiced gross motor activities in a spe-
cific playground in Treviso, Italy improved significantly in four out of six gross motor tasks
compared to the control group. The organization of the activities associated to the peculiarities
of the playground (organized in areas each dedicated to the exercise of a basic motor skill) and
to the limited opportunities offered to Italian children to play actively in preschools probably
contributed to generate significant improvements in the domain of gross motor skills even fol-
lowing a limited period of training.
During the study no training and opportunities were provided to specifically influence
development of fine motor skills; lack of modifications was observed in the domain of fine
motor skills (on specific tasks). Altogether our data provide important knowledge for educators
when planning activities and organizing the environments dedicated to the promotion of
healthy growth and motor development of children.
Supporting Information
S1 Table. S1 Table shows raw data used for the statistical analysis shown in Tables 1 and 2.
(XLS)
Acknowledgments
We thank: Associazione Laboratorio 0246 and Verdesport for local organization, continuous
help and support during the study; Assessorato e Scuole Treviso and CONI-Treviso for partici-
pation to the study and helpful discussions. We are grateful to Professor Cristiano Chiamulera,
University of Verona, for critically reading the manuscript and help with the statistical analysis.
The following well trained educators for their help and useful suggestions during the study:
Arianna Fedato, Laura Mattei, Giovanni Conte, Maurizio Ballò, Sabrina Novello, Giorgia Spi-
golon, Veronica Reato, Martina Lorenzon, Giovanna Lamon, Claudia Fiori, Fiorenza Miner-
vini, Michela Dall’Osta, Marina Gebhard, Riccardo Baggio, Diego Zuccher, Paola Bresolin,
Paola Pedron. This research was supported by Comitato Olimpico Nazionale Italiano CONI-
Treviso and Associazione Laboratorio 0246, Treviso, Italy
Author Contributions
Conceived and designed the experiments: GF PT HS. Performed the experiments: PT GF. Ana-
lyzed the data: GF PT HL MH. Contributed reagents/materials/analysis tools: PT GF HL.
Wrote the paper: GF PT HSMH HL.
Motor Skill Development in Pre-School Children
PLOS ONE | DOI:10.1371/journal.pone.0160244 July 27, 2016 12 / 15
References
1. WHO. Vienna Declaration on Nutrition and Non-communicable Diseases in the Context of Health 2020.
WHOMinisterial Conference on Nutrition and Noncommunicable Diseases in the Context of Health.
Vienna 2013. Available at: http://www.euro.who.int/__data/assets/pdf_file/0003/234381/Vienna-
Declaration-on-Nutrition-and-Noncommunicable-Diseases-in-the-Context-of-Health-2020-Eng.pdf?
ua=1
2. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all causes, cardio-
vascular disease, and cancer. Med. Sci. Sports. Exerc. 2009; 41:998–1005. doi: 10.1249/MSS.
0b013e3181930355 PMID: 19346988
3. Owen N, Bauman A, BrownW. Too much sitting: a novel and important predictor of chronic disease
risk? Br. J. Sports. Med. 2009; 43:81–83. doi: 10.1136/bjsm.2008.055269 PMID: 19050003
4. Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N. Physiological and health implications of a
sedentary lifestyle. Appl Physiol Nutr Metab. 2010; 35: 725–40 doi: 10.1139/H10-079 PMID: 21164543
5. Tremblay MS, LeBlanc AG, Carson V, Choquette L, Connor Gorber S, et al. Canadian Physical Activity
Guidelines for the Early Years (aged 0–4 years). Appl Physiol Nutr Metab. 2012; 37:345–369. doi: 10.
1139/h2012-018 PMID: 22448608
6. Department of Health; Physical Activity; Health Improvement and Protection. Start Active, Stay Active:
A Report on Physical Activity from the Four Home Countries’ Chief Medical Officers. Department of
Health; London, UK: 2011. https://www.sportengland.org/media/388152/dh_128210.pdf
7. Molnár D, Livingstone B. Physical activity in relation to overweight and obesity in children and adoles-
cents. Eur J Pediatr. 2000; 159:S45–55. PMID: 11011955
8. Telama R, Yang X. Decline of physical activity from youth to young adulthood in Finland. Med Sci
Sports Exerc. 2000; 32:1617–22. PMID: 10994914
9. Anderssen SA, Cooper AR, Riddoch C, Sardinha LB, Harro M, Brage S, et al. Low cardiorespiratory fit-
ness is a strong predictor for clustering of cardiovascular disease risk factors in children independent of
country, age and sex. Eur J Cardiovasc Prev Rehabil. 2007; 14:526–31. PMID: 17667643
10. Sugiyama T, Okely AD, Masters JM, Moore GT. Attributes of childcare centers and outdoor play areas
associated with preschoolers’ physical activity and sedentary behavior. Environ Behav. 2012; 44:334–
49.
11. Daniels SR, Jacobson MS, McCrindle BW, Eckel RH, Sanner BM. American Heart Association Child-
hood Obesity Research Summit: executive report. Circulation. 2009; 119(15):2114–23. doi: 10.1161/
CIRCULATIONAHA.109.192215 PMID: 19332459
12. Fennoy I. Metabolic and respiratory comorbidities of childhood obesity. Pediatr Ann. 2010; 39:140–6.
doi: 10.3928/00904481-20100223-08 PMID: 20302245
13. Timmons BW, Leblanc AG, Carson V, Connor Gorber S, Dillman C, Janssen I, et al. Systematic review
of physical activity and health in the early years (aged 0–4 years). Appl Physiol Nutr Metab. 2012;
37:773–92. doi: 10.1139/h2012-070 PMID: 22765840
14. Cardon G, Van Cauwenberghe E, Labarque V, Haerens L, De Bourdeaudhuij I. The contribution of pre-
school playground factors in explaining children's physical activity during recess. Int J Behav Nutr Phys
Act. 2008; 5:11 doi: 10.1186/1479-5868-5-11 PMID: 18302741
15. DowdaM, BrownWH, McIver KL, Pfeiffer KA, O’Neill JR, Addy CL, et al. Policies and characteristics of
the preschool environment and physical activity of young children, Pediatrics. 2009; 123: e261–6. doi:
10.1542/peds.2008-2498 PMID: 19171578
16. Gubbels JS, Van Kann DH, Jansen MW. Play equipment, physical activity opportunities, and children’s
activity levels at childcare. J Environ Public Health. 2012; 2012: 326520, doi: 10.1155/2012/326520
PMID: 22811736
17. Bower JK, Hales DP, Tate DF, Rubin DA, Benjamin SE, Ward DS. The childcare environment and chil-
dren’s physical activity. Am J Prev Med. 2008: 34:23–9. PMID: 18083447
18. Parish LE, Rudisill ME, St. Onge PM. Mastery motivational climate: Influence on physical play and
heart rate in African American toddlers. Res Q. Exerc. Sport. 2007; 78:171–178. PMID: 17679490
19. Cleland V, Crawford D, Baur LA, Hume C, Timperio A, Salmon J. A prospective examination of chil-
dren’s time spent outdoors, objectively measured physical activity and overweight. Int J Obes (Lond).
2008; 32:1685–93.
20. Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA. The relationship between motor proficiency
and physical activity in children. Pediatrics. 2006; 118:1758–65.
21. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, Garcia C, Garcia LE. A devel-
opmental perspective on the role of motor skill competence in physical activity: An emergent relation-
ship. Quest. 2008; 60:290–306.
Motor Skill Development in Pre-School Children
PLOS ONE | DOI:10.1371/journal.pone.0160244 July 27, 2016 13 / 15
22. Bouffard M, Watkinson EJ, Thompson LP, Causgrove Dunn JL, Romanow SKE. A test of the activity
deficit hypothesis with children with movement difficulties. Adapt Phys Activ Q. 1996; 13:61–73.
23. Smyth MM, Anderson HI. Coping with clumsiness in the school playground: Social and physical play in
children with coordination impairments. Br J Dev Psychol. 2000; 18:389–413
24. Rivilis I, Hay J, Cairney J, Klentrou P, Liu J, Faught BE. Physical activity and fitness in children with
developmental coordination disorder: a systematic review. Res Dev Disabil. 2011; 32:894–910. doi: 10.
1016/j.ridd.2011.01.017 PMID: 21310588
25. Haga M. Physical fitness in children with movement difficulties. Physiotherapy. 2008; 94:253–9.
26. Haga M. Physical fitness in children with high motor competence is different from that in children with
low motor competence. PhysTher. 2009; 89:1089–97.
27. Sigmundsson H, Haga M. Motor comptence is associated with physical fitness in 4 to 6 year old pre-
school children. European Early Childhood Education Research Journal (in press).
28. Ericsson I, Karlsson MK. Motor skills and school performance in children with daily physical education
in school–a 9‐year intervention study. Scand J Med Sci Sports. 2014; 24:273–8. doi: 10.1111/j.1600-
0838.2012.01458.x PMID: 22487170
29. Poulsen AA, Ziviani JM, Cuskelly M, Smith R. Boys with developmental coordination disorder: loneli-
ness and team sports participation. Am J Occup Ther. 2007; 61:451–62. PMID: 17685178
30. Cantell MH, Smyth MM, Ahonen TP. Two distinct pathways for developmental coordination disorder:
persistence and resolution. HumMov Sci. 2003; 22:413–31. PMID: 14624826
31. Vedul‐Kjelsås V, Sigmundsson H, Stensdotter AK, Haga M. The relationship between motor compe-
tence, physical fitness and self‐perception in children. Child Care Health Dev. 2012; 38:394–402. doi:
10.1111/j.1365-2214.2011.01275.x PMID: 21702762
32. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M. Physical activity among children attending pre-
schools. Pediatrics. 2004; 114:1258–63. PMID: 15520105
33. Matvienko O, Ahrabi-Fard I. The effects of a 4 week after-school program on motor skills and fitness of
kindergarten and first grade students, Am J Health Promot. 2010, 24:299–303 doi: 10.4278/ajhp.
08050146 PMID: 20465142
34. BrownWH, Pfeiffer KA, McIver KL, Dowda M, Addy CL, Pate RR. Social and environmental factors
associated with preschoolers’ nonsedentary physical activity. Child Dev. 2009; 80:45–58. doi: 10.
1111/j.1467-8624.2008.01245.x PMID: 19236392
35. Reilly JJ. Low levels of objectively measured physical activity in preschoolers in child care. Med Sci
Sports Exerc. 2010; 42:502–7. doi: 10.1249/MSS.0b013e3181cea100 PMID: 20068499
36. Pate RR, Mclver K, Dowda M, BrownWH, Addy C. Directly observed physical activity levels in pre-
school children. J Sch Health. 2008; 78:438–44. doi: 10.1111/j.1746-1561.2008.00327.x PMID:
18651931
37. Tortella P., Callegari L., Tessaro F., Fumagalli G., Survey on motor activity in nurseries in Trentino, J
Sports Med Phys Fitness. 2011; 51 Suppl. 1–3:48.
38. Stellacci L, Biondi G, Fiorentino L, Bono S, Basilico F, Cosentino G, et al. Indicazioni nazionali per il cur-
ricolo della scuola dell’infanzia e del primo ciclo d’istruzione. Florence: Periodici Le Monnier; 2012.
Available: http://www.indicazioninazionali.it/documenti_Indicazioni_nazionali/Indicazioni_Annali_
Definitivo.pdf
39. Buzzavo G, Da Dalt L, Durigon V, Fumagalli G, Maffeis C, Moghetti P, et al. Surroundings and activities
just right for growing up well. Milano: Edizioni Libreria dello Sport; 2011. Available: http://www.0246.it.
40. Leversen JS, Haga M, Sigmundsson H. From children to adults: motor performance across the life-
span. PloS one. 2012; 7:e38830, doi: 10.1371/journal.pone.0038830 PMID: 22719958
41. Henderson S. E., Sugden D, Barnett AL. The Movement Assessment Battery for Children-2: Movement
ABC-2; Examiner's manual. Toronto: Pearson Canada Assessment Inc.; 2007
42. Fjørtoft I, Pedersen AV, Sigmundsson H, Vereijken B. Measuring physical fitness in children who are 5
to 12 years old with a test battery that is functional and easy to administer. Phys Ther. 2011; 91:1087–
95. doi: 10.2522/ptj.20090350 PMID: 21616933
43. Kiphard EJ, Schilling F, Körperkoordinationstest für Kinder: KTK; manual. Göttingen: Beltz Test; 2007
44. Zelazo PR, Zelazo NA, Kolb S. “Walking” in the Newborn. Science. 1972; 176:314–5. PMID: 5019791
45. Sigmundsson H, Hopkins B. Baby swimming: exploring the effects of early intervention on subsequent
motor abilities, Child Care Health Dev. 2010; 36:428–30. doi: 10.1111/j.1365-2214.2009.00990.x
PMID: 19719766
46. Adolph K E, Cole WG, Komati M, Garciaguirre JS., Badaly D, Lingerman JM, et al. How do you learn to
walk? Thousands of steps and dozens of falls per day. Psychol Sci. 2012; 23:1387–94. doi: 10.1177/
0956797612446346 PMID: 23085640
Motor Skill Development in Pre-School Children
PLOS ONE | DOI:10.1371/journal.pone.0160244 July 27, 2016 14 / 15
47. Williams HG, Pfeiffer KA, O'Neill JR, Dowda M, McIver KL, BrownWH, et al. Motor skill performance
and physical activity in preschool children. Obesity. 2008; 16:1421–6. doi: 10.1038/oby.2008.214
PMID: 18388895
48. Okely AD, Booth ML, Patterson JW. Relationship of physical activity to fundamental movement skills
among adolescents. Med Sci Sports & Exerc. 2001; 33:1899–904
49. Revie G, Larkin D. Task specific intervention with children reduces movement problems. Adapt Phys
Activ Q. 1993; 10:29–41.
50. Edelman GM. Neural Darwinism. New York: Basic Books; 1987.
51. Edelman GM. Bright air, brilliant fire: on the matter of the mind. New York: Basic Books; 1992.
52. Kleim JA, Jones TA. Principles of experience-dependent neural plasticity: Implications for rehabilitation
after brain damage. J Speech Lang Hear Res. 2008; 51:S225–39. doi: 10.1044/1092-4388(2008/018)
PMID: 18230848
53. Haga M., Pedersen AV, Sigmundsson H. Interrelationship among selected measures of motor skills.
Child Care Health Dev. 2008; 34:245–8. PMID: 18028473
54. Fleishman EA. Human abilities and the acquisition of skill. In: Bilodeau EA, editor. Acquisition of skill,
New York: Academic Press; 1966. p. 147–167.
55. Haga M. The relationship between physical fitness and motor competence in children. Child Care
Health Dev. 2008; 34(3):329–34. doi: 10.1111/j.1365-2214.2008.00814.x PMID: 18410639
56. Gallahue DL, Ozmun JC, Goodway J. Understanding Motor Development. Infants, Children, Adoles-
cents, Adults. 7th ed. New York: McGraw-Hill; 2012.
Motor Skill Development in Pre-School Children
PLOS ONE | DOI:10.1371/journal.pone.0160244 July 27, 2016 15 / 15
